dimorphic fungi with a sexual state characterized by the production of minute basidiocarps, typically erect, coralloid gelatinous, and occurring in dense aggregates (Kobayashi, 1937; . Such characteristics make it impossible to assign the aforementioned Cryptococcus species to a teleomorphic genus such as Holtermannia. Six Holtermannia species are presently known (Kobayashi, 1937) , although Holtermannia corniformis is the only species for which living cultures (anamorphic yeast phase) and sequence data are available (only for two strains).
Holtermannia corniformis and related Cryptococcus species, normally referred as the Holtermannia clade, constitute a monophyletic cluster basal to the Filobasidiales (Sampaio, 2004) . In this study, we propose the new genus Holtermanniella to include the anamorphic Cryptococcus species of this clade. In addition, the new order Holtermanniales is proposed to include tremellomycetous yeasts of the Holtermannia clade. Finally, we studied 11 isolates that represent a novel species, and the name Holtermanniella takashimae sp. nov. is proposed to accommodate these strains. Holtermanniella takashimae is the type species of the genus Holtermanniella gen. nov.
Strains
Strains HB 981, HB 982 T , HB 1002 and HB 1003 from the Austrian Center of Biological Resources Culture Collection were isolated from litter of an agricultural field near Gr. Enzersdorf, Austria (Wuczkowski et al., 2003a, b) , and strains VTT C-04546 and VTT C-04547 (Technical Research Centre of Finland Culture Collection) were obtained from processed barley samples (Finnish malting barley cultivar 'Saana' from the 2001 crop) after steeping and germination (Laitila et al., 2006) . Strains CRUB 1154 and CRUB 1845 from the Centro Regional Universitario Bariloche Culture Collection were isolated from subsurface water from Negra lake (Libkind et al., 2009) and from the phylloplane of Nothofagus pumilio at Cerro Otto, respectively; both sites are within the Nahuel Huapi National Park, Patagonia, Argentina. Strain DBVPG 4685 from the Industrial Yeast Collection DBVPG (University of Perugia, Italy) was obtained from ascocarps of Tuber melanosporum Vitt., collected in a typical Mediterranean forest in Italy (Buzzini et al., 2005) . Strain SLU J596 (5CBS 10506) from the collection of the Department of Microbiology, Swedish University of Agricultural Sciences, was isolated from a 19-day-fermented mixture of cereal grains, collected east of Uppsala Olstorpe et al., 2008) . Four of the isolates included in this work were not obtained by the authors of this paper and data on these strains were kindly provided by the respective investigators. Two of these isolates (SEG-9-3 and SEG-5-6) were obtained by A. Yurkov from grassland soil at Brandenburg in northern Germany, in the Biosphere reserve Schorfheide-Chorin. A third isolate (NFMay08DNXL-Y5 5CBS 11507) was obtained by H. Vishniac from prairie soil at Oklahoma State University, Stillwater, OK, USA. The remaining strain (ZIM 629) was isolated in Slovenia by N. Cadez from the surface of a grape berry of the Rebula cultivar. Finally, a 26S rDNA sequence from strain GY38L01 was included in some analyses. Details of the strains are given in Table 1 . Phenotypic characterization of strains was achieved in liquid media employing standard methods (Yarrow, 1998 DNA extraction and sequencing of the D1/D2 region of the 26S rDNA and the ITS region was performed as described by Wuczkowski et al. (2003a, b) . DNA extraction and rDNA sequencing of CBS 10506 were carried out as described by Passoth et al. (2007) and Olstorpe et al. (2008) . PCR fingerprinting was carried out as described by Hong et al. (2005) , with minor modifications. The primers PELF (59-ATATCATCGAAGCCGC) and URP1F (59-ATCCAAG-GTCCGAGACAACC) were used. PCR was performed in 50 ml reactions, using 30.4 ml Taq buffer with KCl (Fermentas), 6.0 ml MgCl 2 (25 mM), 1.5 ml dNTPs (5 mM), 4 ml primers (10 pmol ml 21 ), 0.75 ml BSA (10 mg ml 21 ) and 0.4 ml Taq polymerase (5 U ml
21
). PCR was performed using the following parameters: 4 min at 95 uC followed by 35 steps of 1 min at 95 uC, 1 min at 55 uC and 2 min at 72 u C and a final extension for 8 min at 72 u C.
The novel genus Holtermanniella
Given the well-established polyphyletic state of the genus Cryptococcus, which represents one of the most complex taxonomic difficulties in yeast systematics, we propose the creation of the genus Holtermanniella gen. nov. to accommodate the anamorphic Cryptococcus species that are included phylogenetically in the Holtermannia clade, and the resulting description of four new combinations: Holtermanniella nyarrowii comb. nov., Holtermanniella festucosa comb. nov., Holtermanniella mycelialis comb. nov. and Holtermanniella wattica comb. nov. These species, together with Holtermannia corniformis, constitute a wellcircumscribed and isolated monophyletic cluster within the Tremellomycetes (Fig. 1) . Even though sexual structures have not been reported for any of these Cryptococcus species, we think that it is justified in this case to erect a separate genus and thus reduce the taxonomic complexity and polyphyletic status of Cryptococcus. The proposed taxonomic changes are intended to unify the classification scheme of the mitosporic and meiosporic taxa of dimorphic basidiomycetes, as addressed previously (Sampaio et al., 2003) , in order to restrict the anamorphic genera to coherent, phylogenetically related groups of species.
The members of the proposed genus Holtermanniella were found repeatedly in temperate to cold regions, and two of the five known species (Holtermanniella wattica and Holtermanniella nyarrowii) were originally collected from Antarctica. Accordingly, most Holtermanniella species do not grow well above 25 u C. Moreover, three Holtermanniella species have been shown to possess significant amounts of polyunsaturated fatty acids (particularly linolenic acid) in comparison with Holtermannia corniformis and Saccharomyces cerevisiae, both of which lack this lipid (Thomas-Hall, 2004; Guffogg et al., 2004) . Such fatty acid compositions are typical of yeasts adapted to cold environments (McMurrough & Rose, 1973; Libkind et al., 2008; Rossi et al., 2009) .
Holtermanniella species also differ from Holtermannia corniformis (the only cultured member of the genus Holtermannia) in the assimilation of N-acetylglucosamine and ribose, being positive in the former test and negative in the latter. In addition to these few physiological differences, true mycelium with clamp connections and haustoria develops after mating of compatible yeast cells in the case of Holtermannia corniformis. The sexual stage of the species now classified in Holtermanniella has not yet been found, but it is worth noting that single cultures of Holtermanniella mycelialis have the ability to form a monokaryotic mycelium with pseudoclamp connections and haustoria (Golubev & Golubev, 2003) . The presence of haustoria suggests mycoparasitism (Bandoni, 1995) , which may explain the difficulties in obtaining teleomorphic stages in the genus Holtermanniella. (Saitou & Nei, 1987) . Bootstrap analysis was carried out with 1000 replicates (Felsenstein, 1985) ; only values above 50 % are shown. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the tree. Evolutionary distances were computed using Kimura's two-parameter method (Kimura, 1980) and are in the units of the number of base substitutions per site. Phylogenetic analyses were conducted in MEGA4 (Tamura et al., 2007) . Accession numbers of D1/D2 sequences available in GenBank are included. Bar, 0.02 substitutions per site.
Latin diagnosis of
Description of Holtermanniella takashimae Wuczkowski, Passoth, Andersson, Turchetti, Prillinger, Boekhout et Libkind sp. nov.
Holtermanniella takashimae (ta.ka9shi.mae. N.L. gen. sing. fem. n. takashimae of Takashima, in honour of the Japanese yeast researcher Masako Takashima, for her valuable contributions to yeast systematics).
Anamorphic. Belongs to the subphylum Agaricomycotina, class Tremellomycetes, Holtermannia clade. Yeast cells after 5 days at 15 u C on potato dextrose agar (PDA) are oval to elongate, measuring 3-5 (4)62-4 (3) mm (Fig. 2) . On PDA, colonies appear convex, circular, pale pink and pasty in texture. Glucose is not fermented. All the strains of this species tested are anamorphic. Physiological and biochemical properties are depicted in Table 2 ; phylogenetic placement is presented in Fig. 1 D-arabinitol and N-acetyl-D-glucosamine and negative for assimilation of inulin, methanol, methyl a-D-mannoside, glycogen and methyl 3-D-xylopyranoside. All strains were positive for nitrogen assimilation from ethylamine, L-lysine and cadaverine and negative for nitrate, nitrite and imidazole. Positive, though mostly weak, growth of all strains was observed on L-arabinitol, amygdalin and gentiobiose. All strains grew at 25 and 30 u C (very weak) but were negative for growth at 35 u C. All strains were negative for growth in 50 % D-glucose and showed weak growth in 10 % NaCl. Growth in 0.1 % cycloheximide, urea hydrolysis and the Diazonium blue B reaction were positive for all strains.
Characteristic
Group 
The new order Holtermanniales
According to analysis of partial 26S rDNA sequences, Holtermannia corniformis and Holtermanniella species form a separate cluster (Scorzetti et al., 2002; Golubev et al., 2004) , for which we propose the rank of order and the name Holtermanniales. As shown in Fig. 1 , this cluster is related phylogenetically to the Tremellales. On the basis of ITS sequence analysis, Scorzetti et al. (2002) showed that the Holtermannia clade was closely related to the Tremellales, but they could not obtain a clear separation of the two taxa. However, at that time, sequences of only three species of the group were available. We repeated the analysis including all known species and using multiple sequences, including those obtained here for available cultures of Holtermannia corniformis, and the result confirmed the monophyletic condition of the Holtermannia clade and its close relationship to the order Tremellales (not shown). The definitive position of the Holtermannia clade as a well-separated lineage within the Tremellomycetes was less clear, probably because of difficulties in obtaining reliable alignments with the ITS region.
The relationship of the members of the Holtermanniales to the tremellaceous Cryptococcus species is in agreement with the lack of nitrate assimilation of both groups of species, a characteristic that distinguishes them from most filobasidiaceous Cryptococcus species. Furthermore, members of the Holtermanniales can be differentiated from members of the Trichosporonales by the tolerance of the latter to high concentrations of selenium (Golubev & Golubev, 2003) .
Holtermannia, with type species Holtermannia pinguis (Holtermann) Saccardo & Traverso, was created by Saccardo & Traverso (1910) based on Clavariopsis pinguis Holtermann (1898), a name that turned out to be already in use. The monograph by Kobayashi (1937) described the genus in detail and also described among others Holtermannia corniformis, the species that was used in this study as a molecular reference. We investigated all available living cultures of this species by sequencing both the D1/D2 and ITS regions, and found relatively little variability. No nucleotide polymorphisms were detected in the former (not shown) and a single base mutation was seen in the latter region (Fig. 3) .
We propose the order Holtermanniales to accommodate the species phylogenetically circumscribed in the Holtermannia clade. This proposal is based mainly on molecular data, given that hardly any specific phenotypic characters could be found for this group. However, it is well known that morphological characters may be poor indicators of fungal evolutionary relationships. Basidiomycetous fungi of the Tremellomycetes (Agaricomycotina); asexual or sexual species with free-living yeast phase produce cream-coloured colonies. Filamentous stages, when present, usually consist of mycelium with clamp connections and haustoria. Sexual species (Holtermannia species) produce tough-gelatinous basidiocarps with simple to branching clavarioid lobes (Holtermann, 1898; Kobayashi, 1937; Boekhout et al., 1998) . Analysis of partial 26S rDNA sequences reveals that the order forms a monophyletic branch within the Tremellomycetes related to the order Tremellales. myo-Inositol and D-glucuronate are assimilated, nitrate is not utilized and starch-like compounds are produced. The type genus is Holtermannia Saccardo & Traverso (1910) .
Phylogenetic placement and salient physiological markers of and ecological comments on the novel species Holtermanniella takashimae Yeast isolates with phenotypic characteristics resembling those of most Cryptococcus species (i.e. absence of fermentation, Diazonium blue B and urease reactions positive, myo-inositol and D-glucuronate assimilated, starch-like compounds produced) were isolated from various natural and artificial substrates (see Table 1 ) from different parts of the world (Austria, Argentina, Finland, Germany, Italy, USA, Slovenia and Sweden). These isolates were found to be conspecific, given their lack of nucleotide substitutions in the D1/D2 domain of the 26S rDNA sequence. The only exception was strain ZIM 629, which showed a single base substitution in this region when compared with the rest of the strains (Fig. 1) . From a phylogenetic viewpoint, this group of strains is placed within the Holtermannia clade (now Holtermanniales) of the Tremellomycetes, with Holtermanniella festucosa (eight substitutions) and Holtermanniella nyarrowii (11 substitutions) being the closest known yeast species (Fig. 1 ). Taking into account the level of sequence variability in the D1/D2 region of the currently recognized species in Holtermanniella, and that of the closely related species Holtermannia corniformis (studied here), we conclude that this group of isolates represents a novel yeast species, Holtermanniella takashimae sp. nov. A D1/D2 sequence belonging to an isolate preliminarily identified as Cryptococcus sp. strain GY38L01, deposited in GenBank as accession no. FJ527085 (C.-F. Lee and C.-W. Hsieh, unpublished), shares 100 % similarity to sequences from Holtermanniella takashimae, and the strain should be considered conspecific.
PCR fingerprinting studies on Holtermanniella takashimae isolates revealed intraspecific variability. Based on the similarity of DNA profiles, three groups were formed using both RAPD primers (Fig. 4) . Four isolates, three from Austria (HB 982 T , HB 1002, HB 1003) and one from Finland (VTT C-04546), showed identical RAPD profiles and were labelled as group A. The second group (group B) included isolates CRUB 1154, VTT C-04547 and CBS 10506, while the third group (C) comprised isolates HB 981 and DBVPG 4685. All other species of the Holter- Fig. 3 . rDNA sequence analysis of Holtermanniella takashimae strains inferred using the ITS1-5.8S-ITS2 region and the neighbour-joining method (Saitou & Nei, 1987) . Bootstrap analysis was carried out with 1000 replicates (Felsenstein, 1985) ; only values above 50 % are shown. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the tree. Evolutionary distances were computed using Kimura's twoparameter method (Kimura, 1980) and are in units of the number of base substitutions per site. A total of 454 positions were included in the final dataset (positions containing gaps and missing data were eliminated). Phylogenetic analyses were conducted in MEGA4 (Tamura et al., 2007) . Groups A, B and C correspond to groups shown in Fig. 4 and ITS sequences of representative strains of each group were also polymorphic and correlated well with PCR-fingerprinting clustering (Fig. 3) . Strains VTT C-04546 and HB 982
T from group A showed identical ITS sequences, differing by three to four mismatches from strains of groups B and C, which differed from each other in only one nucleotide. The exception was strain DBVPG 4685, which differed from the other member of group C in one substitution, although both strains shared the same polymorphic nucleotide that separated them from group B. The Holtermanniella takashimae strains of group A were phylogenetically closer to Holtermanniella nyarrowii, showing six nucleotide differences in the ITS region. Crosses among and within groups failed to produce sexual structures, and therefore the species is considered to be anamorphic. A few physiological differences were found between the three groups of Holtermanniella takashimae (Table 2) ; for example, L-sorbose was not assimilated by group A strains while it was assimilated weakly by strains of group B and was positive for group C. In addition, lactose was assimilated by groups B and C but was negative or weakly positive for group A, and L-xylose was only assimilated by group C strains, and was negative or weakly positive for the remaining two groups. No ITS sequences were available for strains CBS 11507 and ZIM 629 and they could not be properly grouped. However, both strains were preliminarily included in group A (see Table 1 ) given that they were L-sorbose-positive and lactose-negative. Salient physiological differences between Holtermanniella takashimae and closely related species of the Holtermanniales are shown in Table 3 .
The strains of Holtermanniella takashimae were isolated from different kinds of substrates, making it difficult to draw specific conclusions about ecological aspects of this yeast species. The broad distribution suggests that additional isolates of Holtermanniella takashimae will probably appear in future studies. During a study of the fungal flora of indoor dust in Finland, a group B isolate of Holtermanniella takashimae was detected by culture-independent methods, based on its ITS sequence (GenBank accession no. AM901778; Pitkaranta et al., 2008) . Two of the isolates in this study come from Finland, one of them belonging to group B. Two isolates of Holtermanniella takashimae were obtained from plant samples from Taiwan (strain GY38L01) and grape berries from Slovenia (strain ZIM 629). Strains CBS 11581 and CBS 11582 were isolated from grassland soil in northern Germany, where a total of seven Holtermanniella takashimae isolates were found at two sampling sites separated by 30 km. Isolates from each site showed identical PCR fingerprints, but the fingerprints differed between sites. As shown in Fig. 3 , representative isolates of each population showed different ITS sequences, indicating that one population belonged to group A and the other to group B. Based on an extensive yeast biodiversity study being carried out in Germany, the relative abundance of Holtermanniella takashimae in soil seems to be low (A. Yurkov, personal communication). Strain CBS 11507 was also collected from prairie soil, but in the USA. In this case, Holtermanniella takashimae again represented a very small fraction of the total yeasts recovered (H. Vishniac, personal communication). Soil is probably not the primary habitat of Holtermanniella takashimae.
Regarding the Patagonian Holtermanniella takashimae isolates, CRUB 1845 was recovered from the phylloplane of the endemic tree N. pumilio in Andean Patagonia (Argentina). Based on its ITS sequence, this isolate belonged to group B, as did the other Patagonian strain (Fig. 3) . Interestingly, the other Patagonian isolate (CRUB 1154) was isolated from superficial water of a mountain lake surrounded by N. pumilio shrubs (Libkind et al., 2009) . Given that most of the strains have been isolated from soil or plant-related material, it is probable that the original source of CRUB 1154 was terrestrial and that it entered the lake through run-off. Such a plant-related origin is also in agreement with the ability of some of the strains (VTT C-04546 and VTT C-04547) to produce amylase and xylanase (weak), as well as showing intense degradation of cellulose (Laitila et al., 2006) . However, the rest of the strains have not been studied regarding extracellular enzyme production, so it is not known whether these characteristics are typical of Holtermanniella takashimae. Studies on strain CBS 10506 revealed relatively high growth rates at low temperatures (4 u C), showing metabolic adaptation to colder habitats (not shown). The above results suggest that Holtermanniella takashimae is a broadly distributed organism with a preference for plant-related substrates (probably involved in their biodegradation) in cold to temperate regions in both the Northern and Southern hemispheres. Table 3 . Salient physiological differences between Holtermanniella takashimae and related species of the Holtermanniales +, Growth; 2, no growth; D, delayed growth; W, weak growth; V, variable. Data for Holtermanniella takashimae are consensus results from all studied strains. Physiological information for species other than Holtermanniella takashimae was obtained from this study or from the respective species descriptions (Thomas-Hall & Watson, 2002; Golubev & Golubev, 2003; Golubev et al., 2004; Guffogg et al., 2004 
